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The quantum wavepacket parallel computational code DIFFREALWAVE is used to calculate
state-to-state integral and differential cross sections for the title reaction on the BKMP2 surface in
the total energy range of 0.4–1.2 eV with D2 initially in its ground vibrational-rotational state. The
role of Coriolis couplings in the state-to-state quantum calculations is examined in detail.
Comparison of the results from calculations including the full Coriolis coupling and those using the
centrifugal sudden approximation demonstrates that both the energy dependence and the angular
dependence of the calculated cross sections are extremely sensitive to the Coriolis coupling, thus
emphasizing the importance of including it correctly in an accurate state-to-state calculation.
© 2007 American Institute of Physics. DOI: 10.1063/1.2735624
I. INTRODUCTION
In state-to-state reaction dynamics, the H+D2 system
serves as an essential prototype and has attracted extensive
experimental and theoretical studies over the past years.1–18
Most of the previous state-to-state investigations of the H
+D2 reaction have been aimed at elucidating unsolved is-
sues, such as the fact that the calculated rotational state dis-
tribution for HDv=3, j was colder than that measured
experimentally especially at higher collision energies,6,10,11,13
the influence on state-to-state integral and differential cross
sections of the geometric phase and nonadiabatic
coupling,16–18 etc. In contrast to this, the effect of Coriolis
coupling on state-to-state reaction dynamics has received
less attention, though several quantum studies have exam-
ined the reliability of the centrifugal sudden CS approxi-
mation, in which the Coriolis coupling is set to zero, for the
calculation of more averaged quantities such as reaction
probabilities and integral cross sections.19,20 The role of Co-
riolis coupling in quantum reaction dynamics has also been
investigated in theoretical studies of other reactions, with the
conclusion that Coriolis coupling effects in state-to-state dy-
namics should be significant.21–26 However, the extent to
which the state-to-state reaction cross sections are affected
by Coriolis coupling has not previously been explicitly in-
vestigated.
In state-of-the-art theory, in addition to the time-
independent quantum mechanical approaches,27,28 time-
dependent wavepacket quantum methods such as the
reactant-product decoupling RPD method,29–32 the Cheby-
shev real wavepacket method,33–39 the coordinate transfor-
mation method,40 etc., have been developed and applied in
the recent state-to-state calculations on triatomic systems.
The RPD approaches29–32 introduce partitioning/absorbing
potentials which decouple the Schrödinger equation. The
wavepacket propagation can then be carried out separately
for reactants and for products using the Jacobi coordinates
appropriate for each channel. Chebyshev and split-operator
propagators are the two most commonly used schemes in the
RPD method.29–32 The Chebyshev real wavepacket
method33–39 usually employs product Jacobi coordinates to
evolve the real part of the wavepacket with Chebyshev itera-
tions, thus providing an efficient and convenient approach to
the calculation of S scattering matrix elements.
The DIFFREALWAVE parallel code37 is a newly devel-
oped time-dependent quantum method by Hankel et al. for
the calculation of state-to-state reactive cross sections, and is
based on the real wavepacket approach of Gray and
Balint-Kurti.36 The reliability of the new method has been
tested and confirmed by comparing results obtained using it
for the H+H2 reaction
37
with those obtained using the ABC
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code27 and the RPD method.32 In this article, we examine the
effects of Coriolis coupling in state-to-state calculations of
the H+D2 reaction by using the DIFFREALWAVE code. The
paper is organized as follows. The theoretical method is out-
lined in Sec. II. In Sec. III we describe the application of the
method to the H+D2v=0, j=0 reaction. We compare state-
to-state integral and differential cross sections obtained using
the full quantum calculation with the results obtained from
calculations in which the Coriolis coupling was neglected.
Section IV presents the conclusions of the paper.
II. THEORETICAL METHOD
All the results presented here are calculated by using the
DIFFEREALWAVE code, which is described in detail in
Ref. 37. Here we present only a brief introduction to the
underlying theory. The real wavepacket propagation method
is used in the calculations. This method is based on the so-
lution of a mapped or modified form of the time-dependent
Schrödinger equation,36
i
R,r,,t
t
= fHˆ R,r,,t , 1
where
fHˆ  = − 

cos−1Hˆ s . 2
Hˆ s is the Hamiltonian after it has been scaled and its origin
shifted so that its eigenvalues lie between −1 and 1,
Hˆ s = asHˆ + bs, 3
with
as =
2
Emax − Emin
, bs = − 1 − asEmin. 4
Emin and Emax are the lower and upper bounds to the spec-
trum of Hˆ .36 In the DIFFREALWAVE code the spectrum of
Hˆ is limited by applying a cutoff Vmax to the potential to
ensure the efficiency of the computer code.37 R ,r , is a set
of Jacobi coordinates. In the calculations reported here prod-
uct Jacobi coordinates are used throughout, except in the
specification of the initial wavepacket. Since the problem is
an initial state specified problem, reactant Jacobi coordinates
are employed to construct the initial wavepacket,
JRa,ra,a,t = 0 =
sinRa
Ra
e−ik0R
a
−R0v,jra,aY j,0 ,
5
with v,j being the initial vibrational-rotational wave func-
tion of the reactant. Then the initial wavepacket is trans-
formed to product Jacobi coordinates according to the fol-
lowing formula:36,37
JRc,rc,c,t = 0 = JRa,ra,a,t = 0
Rcrc
Rara
d
J  .
6
For clarity, we use the superscripts a and c to denote the
reactant and the product Jacobi coordinates, respectively. 
and  are the projection quantum numbers of the total an-
gular momentum J onto the reactant and the product body-
fixed z axes, respectively, and d
J  is a reduced Wigner
rotation matrix with  being the angle between the Ra and Rc
vectors. The wavepacket is then expressed as the sum of a
real and an imaginary part, =q+ ip. The imaginary part of
the initial wavepacket at t=0, pRc ,rc ,c , t=0 is needed in
the first iteration step,
qRc,rc,c, = Hˆ sqRc,rc,c,t = 0
−
1 − Hˆ s2 pRc,rc,c,t = 0 . 7
Subsequently, only the real part of the body-fixed wave-
packet is propagated using the Chebyshev iteration
procedure,36
qRc,rc,c,t +  = Aˆ − Aˆ qRc,rc,c,t − 
+ 2Hˆ sqRc,rc,c,t . 8
Aˆ is a damping factor in the Chebyshev recursion which is
used to absorb the wavepacket near the edges of the grid.36 
is the time step which can be set to one during the propaga-
tion.
The code is parallelized by performing the calculation
for each J pair on a different processor. Communication
between different J pairs is required only for the adjacent
values of .37 Similar parallel strategy could also be used in
the calculations of bound and resonant rovibrational states of
complexes.41
To obtain the state-to-state information a cut is taken
through the real part of the wavepacket at a fixed large value
of Rc=R	
c . The resulting function, qRc=R	
c
,rc ,c , t, must
then be expanded in terms of product vibrational-rotational
eigenfunctions. The half-Fourier transform of the time-
dependent coefficients in this expansion gives the energy-
dependent quantities, Av,j,→v,j,
J E, which are then used
to calculate the S matrix elements in the space-fixed coordi-
nate system,37
Sv,j,l→v,j,l
J
= −
2as
1 − Es
21/2
 kvja kvjc

a
c
1/2

2Av,j,l→v,j,l
J E
g¯− kvj
e−ikvlR	,
9
Av,j,l→v,j,l
J E = 

minj,J
Tl
J Av,j,→v,j,
J ETl
J
.
Here, l and l are the orbital angular momentum quantum
numbers for the relative motion of the reactants and prod-
ucts, respectively, 
 is the reduced mass, and Tl
J and Tl
J
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are the matrix elements of the matrix T that diagonalizes the
Coriolis coupling matrix for the reactant and the product
bases, respectively.37
The S matrix elements in the body-fixed coordinates are
obtained using the transformation matrix T,37
Sv,j,→v,j,
J E = 
ll
Tl
J Sv,j,l→v,j,l
J ETl
J
. 10
The state-to-state differential and integral cross sections are
then calculated using the following formulas:37
E,,v, j→ v, j
=
1
2j + 1 

1
4kvj
2
	
J
2J + 1Sv,j,→v,j,
J Ed
J 	2,
11
E,v, j→ v, j
= 

0
2
d

0

E,,v, j→ v, jsin  d
=

kvj
2
1
2j + 1 


J
2J + 1Sv,j,→v,j,
J E2. 12
The real part of the wavepacket q is composed of the sum of
many wavepackets each associated with a different value of
. The wavepackets associated with different J values
are independent of each other, except for the fact that those
with adjacent values of  are coupled to each other by the
Coriolis terms in the Hamiltonian operator see Eq. 5 of
Ref. 37. In the CS approximation the coupling terms are
neglected, but the solution of the equations remains the same
in all other respects.
III. RESULTS AND DISCUSSION
The parameters used in the calculation are similar to
those used for H+H2,37 and calculations are performed for J
values up to J=23 to obtain converged results. The S matrix
elements are calculated for the lowest three vibrational and
lowest 30 rotational states of the HD product. The calcula-
FIG. 1. State-to-state integral cross section out of v= j=0 reactant state as a
function of total energy for product quantum states a v=0 and j
=0,2 ,4 ,6 and b v=0 and j=1,3 ,5 ,7. Solid lines: full quantum cross
sections; dash and dotted lines: CS cross sections.
FIG. 2. State-to-state integral cross section out of v= j=0 reactant state as a
function of total energy for product quantum states a v=1 and j
=0,2 ,4 ,6 and b v=1 and j=1,3 ,5 ,7. Solid lines: full quantum calcu-
lations; dash and dotted lines: CS calculations.
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tion for each J value required 2500 iteration steps. The
present study employed the BKMP2 potential energy
surface.42 Figures 1 and 2 show state-to-state integral cross
sections out of the v= j=0 reactant state versus total energy
in the range of 0.4–1.2 eV for different product quantum
numbers. Both the full quantum and the CS calculated results
are shown for comparison. Figure 1 shows the results for
v=0 and j=0–7, and Fig. 2 for v=1 and j=0–7. From
Fig. 1a it can be seen that for the v=0, j=0→v=0, j=0
cross section, the CS results are smaller than the exact ones
at total energies below 0.952 eV but are larger at higher en-
ergies. The v=0, j=0→v=0, j=1 Fig. 1b and v=0, j
=0→v=1, j=0 Fig. 2a cross sections show a tendency
to display similar behavior since the CS values get closer to
the exact ones as the total energy increases. However, good
agreement between the CS and the exact calculations can
still be found for the v=0, j=0→v=1, j=0 and v=0, j
=0→v=1, j=1 cross sections at low energies in the nar-
row energy range of 0.8–0.93 eV. For all the other cross
sections shown in Figs. 1 and 2 it can be seen that the cross
sections obtained from the full quantum treatment are con-
sistently larger than those from the CS calculations where the
Coriolis coupling is neglected. The difference between the
exact and the CS approximation calculations becomes larger
with increasing energy and increasing product quantum num-
ber j. The calculated state-to-state integral cross sections
without Coriolis coupling show more obvious peaks and dips
than those computed using the exact quantum procedure.
There are cases where the CS cross sections drop off after
they reached their maximum values, while the cross sections
computed using the exact quantum procedure display differ-
ently shaped curves see the 1,1 cross section in Fig. 2b.
FIG. 3. State-to-state differential cross
section versus scattering angle for
three total energies, 0.796, 1.016, and
1.200 eV. Solid line: full quantum cal-
culations; dash line: CS calculations
a for product quantum states v=0
and j=0,2 ,4 ,6, and b for product
quantum states v=0 and
j=1,3 ,5 ,7.
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Furthermore, the relative ordering of the magnitudes of the
CS approximation cross sections for different values of the
product rotational quantum number j is different from that
obtained for the exactly computed cross sections. From Fig.
2 it can be seen that in the v=1 case, neglecting Coriolis
coupling has a similar effect on the shape of the curves as in
the v=0 case. This indicates that Coriolis coupling effects
on the energy dependence of the state-to-state integral cross
sections are qualitatively the same for both the v=0 and the
v=1 cases within the presently studied energy range.
The calculated state-to-state differential cross sections
versus scattering angle  are shown in Fig. 3 for product
quantum states v=0, j=0–7, at three total energies 0.796,
1.016, and 1.200 eV, while similar results are presented in
Fig. 4 for product states v=1, j=0–7. From these figures
see bottom rows in Figs. 3a and 4a we note again that
for the v=0, j=0→v=0, j=0 Fig. 3a, the v=0, j=0
→v=0, j=1 Fig. 3b, and v=0, j=0→v=1, j=0 Fig.
4a cross sections, the CS calculations yield cross sections
which are sometimes smaller and sometimes larger than
those resulting from the exact calculations. In other cases,
calculations using the CS approximation yield much smaller
differential cross sections distributed over a more narrow an-
gular range, especially in the v=0 case at the two higher
total energies of 1.016 and 1.200 eV, as compared to the
results of the full quantum calculations. In particular, we can
see from Fig. 3 that in the case of v=0 for the lowest of the
three energies shown and for cross sections other than for
j=2, that neglecting Coriolis coupling lowers the magnitude
of the differential cross section and shifts the position of the
maximum towards smaller scattering angles. These devia-
tions from the full quantum calculated results tend to in-
crease for higher product rotational quantum numbers. How-
ever, the differential cross sections calculated without
Coriolis coupling still retain the shape and most of the fea-
tures of the full quantum calculated results at this low energy
FIG. 4. State-to-state differential cross
section versus scattering angle for
three total energies, 0.796, 1.016, and
1.200 eV. Solid line: full quantum cal-
culations; dash line: CS calculations
a For product quantum states v=1
and j=0,2 ,4 ,6, and b for product
quantum states v=1 and
j=1,3 ,5 ,7. The cross sections cor-
responding to the empty panels corre-
spond to closed channels at the ener-
gies in question.
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for product rotational quantum numbers up to j=5. In con-
trast, for the two higher energies, the calculated differential
cross sections without Coriolis coupling are different in
shape from the full quantum calculated results. For example,
the exact calculations show a substantial peak at around
43.5° for the 0,4 product state at 1.016 eV which is entirely
missing in the CS calculation result. A similar observation
can be made for the peaks occurring in the differential cross
sections except for the quantum product 0,2 at 1.016 and
1.200 eV. Despite the observation of greater Coriolis cou-
pling effects for higher product quantum rotational states,
Fig. 4 also shows that for the v=1 product state, neglecting
Coriolis coupling leads to a much smaller relative error in
the calculated differential cross sections as compared to the
v=0 case. Thus, the results demonstrate that the neglect of
Coriolis coupling has a rather weaker effect on the differen-
tial cross sections for the v=1 state than it does on those of
the v=0 state at the three energies examined.
Figures 5 and 6 show the differential cross sections ver-
sus total energy for v=0 and v=1, respectively, at scatter-
ing angles of 0°, 90°, and 180°. Several remarkable observa-
tions can be made in these figures. At a scattering angle of
90°, for both v=0 and v=1, Coriolis coupling effects are
found to be greater for higher product rotational states. For
these cases, in particular, neglecting Coriolis coupling results
in extremely small cross sections almost zero in comparison
with the exact quantum calculations for higher product ro-
tational quantum states j=4–7. At a scattering angle of
180°, the CS calculations produce an erroneous maximum at
low energy for lower product rotational quantum states j
=0–3 in the v=0 case. Note that the magnitude of some of
the differential cross sections i.e., for 0,5, 0,6, 0,7,
FIG. 5. State-to-state differential cross
section versus total energy for three
scattering angles, 0°, 90°, and 180°.
Solid line: full quantum calculations;
dash line: CS calculations a for
product quantum states v=0 and j
=0,2 ,4 ,6, and b for product quan-
tum states v=0 and j=1,3 ,5 ,7.
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1,6, and 1,7 product states at =180° is very small.
However, at a scattering angle of 0°, neglecting Coriolis cou-
pling results in similarly shaped curves to those of the full
quantum calculations for most product quantum states, de-
spite the fact that this neglect lowers the magnitude of the
differential cross sections. Comparison of the v=0 and v
=1 cross sections at this scattering angle also reveals that
Coriolis coupling affects the former more than the latter. We
therefore see that the neglect of Coriolis coupling signifi-
cantly influences the energy dependence of the differential
cross sections and that the influence of Coriolis coupling on
the energy dependence of the differential cross section is
different for different scattering angles.
In nature, the rotation of the triatomic system leads to
the Coriolis coupling of the  and ±1 states. It is there-
fore reasonable to anticipate that Coriolis coupling effects
will become more pronounced as the rotational quantum
number of the HD product molecule increases. Hence, it is
not difficult to comprehend why the calculated state-to-state
cross sections are very sensitive to Coriolis coupling effects
in the quantum reactive scattering calculations. As can be
explicitly seen in Figs. 1 and 2, the probability of producing
HD in highly excited rotational states becomes larger with
increasing total energy, which accounts for the deterioration
in the agreement between the CS and the full quantum cal-
culations as the total energy increases. At these higher ener-
gies also a larger number of total angular momenta J must be
included in the summations see Eqs. 11 and 12 to
achieve convergence. The reason why Coriolis coupling ef-
fects are somewhat less pronounced for the v=1 state than
for the v=0 product vibrational state, as shown in the dif-
ferential cross sections, lies in the lower rotational excitation
of the HDv=1 product as compared to HDv=0 in the
energy region considered in this study see Figs. 1 and 2.
The scattering angle, through the Wigner dQQ
J  function,
plays a role in determining which  values can contribute
to the differential cross section. Thus for =0, d
J 
FIG. 6. State-to-state differential cross
section versus total energy for three
scattering angles, 0°, 90°, and 180°.
Solid line: full quantum calculations;
dash line: CS calculations a for
product quantum states v=1 and j
=0,2 ,4 ,6, and b for product quan-
tum states v=1 and j=1,3 ,5 ,7.
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= and only =0 can contribute in the present case.
This dependence on the scattering angle as to how many 
values contribute to the cross section determines the sensi-
tivity of the differential cross section to Coriolis coupling
effects. This explains the observation why the results at the
scattering angle of 0° are less sensitive to Coriolis coupling
effects than the results at the other two investigated scatter-
ing angles.
The effective potential for a particular j , pair is see
Eq. 7 of Ref. 37
Vdiag
JjR =  12
R2JJ + 1 + jj + 1 − 22 . 13
From this equation it is clear that different j , channels
are subject to different centrifugal potentials. The channels
subject to the lowest centrifugal barrier corresponds to that
with the largest value of . In the exact calculations the
different j , channels are coupled, and the probability
flux can flow into the channel with the lowest centrifugal
barrier. This channel is the one which will lead to the highest
reaction probability. In the CS approximation the j ,
channels are decoupled from each other. This prevents the
flow of probability flux to the channel with the lowest cen-
trifugal barrier and the highest reaction probability. This
aspect of the CS approximation is the major cause of the
smaller cross sections found in the CS approximation calcu-
lations.
IV. CONCLUSIONS
Quantum scattering calculations for the H+D2v= j=0
→HDv , j+H reaction have been performed on the
BKMP2 potential energy surface to explore the extent of
Coriolis coupling effects on the state-to-state dynamics of
this reaction. The DIFFREALWAVE parallel code, which is
based on a real Chebyshev wavepacket approach and paral-
lelized over each J , pair, is used in the calculations.
State-to-state integral and differential cross sections are cal-
culated for product quantum states v=0,1 and j=0,1–7.
The influence of Coriolis coupling on the energy and
angular dependence of the state-to-state integral and differ-
ential cross sections is investigated by comparing results
from full quantum calculations with those of centrifugal sud-
den CS approximation calculations in which the Coriolis
coupling is neglected. The present calculations show that the
CS approximation does not work well for state-to-state cal-
culations of H+D2, and that the agreement between the CS
and the full quantum calculations becomes worse as the total
energy and the product rotational state quantum number in-
crease. Neglecting Coriolis coupling greatly influences the
dependence of the state-to-state cross sections on energy, as
well as the angular dependence of the differential cross sec-
tions. Within the energy range investigated in the present
work, differential cross sections producing HDv=1 prod-
ucts show somewhat less pronounced Coriolis coupling ef-
fects than those which produce HDv=0 products, while
integral cross sections show similar Coriolis coupling effects
for v=0 and v=1. The conclusions of the present work
support those of previous studies which have found that it is
important to take proper account of Coriolis coupling in re-
active scattering calculations19,21–26 which do not use the
reactant-product decoupling approach.20
ACKNOWLEDGMENTS
This work was supported by NSFC Nos. 20573110 and
20333050 and QDUF No. 063-06300510. One of the au-
thors M.H. would like to thank The University of Queen-
sland, the Queensland Smart State Research Facilities Fund,
and Sun Microsystems for funding.
1 E. E. Marinero, C. T. Rettner, and R. N. Zare, J. Chem. Phys. 80, 4142
1984.
2 D. P. Gerrity and J. J. Valentini, J. Chem. Phys. 79, 5202 1983.
3 N. C. Blais and D. G. Truhlar, Chem. Phys. Lett. 162, 503 1989.
4 M. D. Chen, K. L. Han, and N. Q. Lou, Chem. Phys. Lett. 357, 483
2002.
5 T. N. Kitsopoulos, M. A. Buntine, D. P. Baldwin, R. N. Zare, and D. W.
Chandler, Science 260, 1605 1993.
6 S. C. Althorpe, F. Fernández-Alonso, B. D. Bean, J. D. Ayers, A. E.
Pomerantz, R. N. Zare, and E. Wrede, Nature London 416, 67 2002.
7 F. Fernández-Alonso and R. N. Zare, Annu. Rev. Phys. Chem. 53, 67
2002.
8 D. Dai, C. C. Wang, S. A. Harich, X. Wang, X. Yang, S. D. Chao, and R.
T. Skodje, Science 300, 1730 2003.
9 J. D. Ayers, A. E. Pomerantz, F. Fernández-Alonso, F. Ausfelder, B. D.
Bean, and R. N. Zare, J. Chem. Phys. 119, 4662 2003.
10 A. E. Pomerantz, F. Ausfelder, R. N. Zare, S. C. Althorpe, F. J. Aoiz, L.
Bañares, and J. F. Castillo, J. Chem. Phys. 120, 3244 2004.
11 F. Ausfelder, A. E. Pomerantz, R. N. Zare, S. C. Althorpe, F. J. Aoiz, L.
Bañares, and J. F. Castillo, J. Chem. Phys. 120, 3255 2004.
12 A. E. Pomerantz, F. Ausfelder, R. N. Zare, J. C. Juanes-Marcos, S. C.
Althorpe, V. Sáez Rábanos, F. J. Aoiz, L. Bañares, and J. F. Castillo, J.
Chem. Phys. 121, 6587 2004.
13 K. Koszinowski, N. T. Goldberg, A. E. Pomerantz, R. N. Zare, J. C.
Juanes-Marcos, and S. C. Althorpe, J. Chem. Phys. 123, 054306 2005.
14 B. K. Kendrick, J. Chem. Phys. 112, 5679 2000.
15 B. K. Kendrick, J. Phys. Chem. A 107, 6739 2003.
16 B. K. Kendrick, J. Chem. Phys. 118, 10502 2003.
17 J. C. Juanes-Marcos and S. C. Althorpe, J. Chem. Phys. 122, 204324
2005.
18 R. F. Lu, T. S. Chu, Y. Zhang, K. L. Han, A. J. C. Varandas, and J. Z. H.
Zhang, J. Chem. Phys. 125, 133108 2006.
19 T. S. Chu and K. L. Han, J. Phys. Chem. A 109, 2050 2005.
20 D. M. Charutz, I. Last, and M. Baer, J. Chem. Phys. 106, 7654 1997.
21 A. J. H. M. Meijer and E. M. Goldfield, J. Chem. Phys. 110, 870 1999.
22 T. E. Carroll and E. M. Goldfield, J. Phys. Chem. A 105, 2251 2001.
23 H. Morari and R. Jaquet, J. Phys. Chem. A 109, 3396 2005.
24 H. Zhang and S. C. Smith, Phys. Chem. Chem. Phys. 6, 4240 2004.
25 T. X. Xie, Y. Zhang, and K. L. Han, Chin. J. Chem. Phys. 17, 657 2004.
26 Y. Zhang, T. X. Xie, K. L. Han, and J. Z. H. Zhang, J. Chem. Phys. 119,
12921 2003; T. S. Chu, Y. Zhang, and K. L. Han, Int. Rev. Phys. Chem.
25, 201 2006 and references therein.
27 D. Skouteris, J. F. Castillo, and D. E. Manolopoulos, Comput. Phys.
Commun. 133, 128 2000.
28 N. Balucani, P. Casavecchia, L. Bañares, F. J. Aoiz, T. Gonzalez-Lezana,
P. Honvault, and J.-M. Launay, J. Phys. Chem. 110, 817 2006.
29 W. Zhu, T. Peng, and J. Z. H. Zhang, J. Chem. Phys. 106, 1742 1997.
30 T. Peng, W. Zhu, D. Wang, and J. Z. H. Zhang, Faraday Discuss. 110,
159 1998.
31 S. C. Althorpe, D. J. Kouri, and D. K. Hoffman, J. Chem. Phys. 107,
7816 1997.
32 Y. Zhang, T.-X. Xie, K. L. Han, and J. Z. H. Zhang, J. Chem. Phys. 124,
134301 2006.
33 M. Hankel, G. G. Balint-Kurti, and S. K. Gray, J. Chem. Phys. 113, 9658
2000.
34 M. Hankel, G. G. Balint-Kurti, and S. K. Gray, J. Phys. Chem. 105, 2330
2001.
35 G. G. Balint-Kurti, A. I. Gonzalez, E. M. Goldfield, and S. K. Gray,
Faraday Discuss. 110, 169 1998.
36 S. K. Gray and G. G. Balint-Kurti, J. Chem. Phys. 108, 950 1998.
214303-8 Chu et al. J. Chem. Phys. 126, 214303 2007
 Reuse of AIP Publishing content is subject to the terms: https://publishing.aip.org/authors/rights-and-permissions. Downloaded to  IP:  130.102.82.118 On: Thu, 01 Sep
2016 07:02:58
37 M. Hankel, S. C. Smith, R. J. Allan, S. K. Gray, and G. G. Balint-Kurti,
J. Chem. Phys. 125, 164303 2006.
38 W. F. Hu and G. C. Schatz, J. Chem. Phys. 125, 132301 2006 and
references therein.
39 P. Gamallo, R. Sayós, M. Gonzáles, C. Petrongolo, and P. Defazio, J.
Chem. Phys. 124, 174303 2006.
40 S. Gómez-Carrasco and O. Roncero, J. Chem. Phys. 125, 054102 2006.
41 H. Zhang and S. C. Smith, J. Chem. Phys. 120, 9583 2004.
42 A. I. Boothroyd, W. J. Keogh, P. G. Martin, and M. R. Peterson, J. Chem.
Phys. 104, 7139 1996.
214303-9 Coriolis coupling in the H+D2 reaction J. Chem. Phys. 126, 214303 2007
 Reuse of AIP Publishing content is subject to the terms: https://publishing.aip.org/authors/rights-and-permissions. Downloaded to  IP:  130.102.82.118 On: Thu, 01 Sep
2016 07:02:58
